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Abstract
Background: One hundred eighty six nations have adopted 17 Sustainable Development Goals (SDGs), one
of which, SDG 3.2, aims to reduce under-5 mortality to 25 deaths per thousand in all countries by 2030. Achieving this
goal is daunting for many African countries, where child mortality remains high. Research around the world and over
time has shown an association between birth order and mortality, with later born children (of higher “birth order”)
generally having higher mortality, in addition to having less education and fewer health services. We aim to investigate
how child mortality and nutritional status vary by birth order in Africa.
Methods: We obtained data from the Demographic and Health Surveys (DHS) from 18 African countries, one survey in
each of the following decades: 1986–1995, 1996–2005, and 2006–2015. We examined mortality for two groups:
ages 1–4 and 5–14, using a Cox proportional hazards model. We then examined 4 separate nutritional outcomes
for young children using logistic regression. Nutritional outcomes are stunting, low weight, consuming fewer
than 4 food groups in the past 24 h, and consuming any fruits or vegetables in that period. Analyses control for
country and characteristics of the household, mother, and child.
Results: Birth order is significantly related to mortality for both age groups. On average, there is a 13 % increase
in mortality risk for each increase in birth order for children ages 1–4, and a 10 % increase in children ages 5–14.
Similarly, we find that a higher birth order child is significantly more likely to be stunted (OR 1.08) or of low weight
(OR 1.06). Higher birth order children are significantly more likely to consume fewer food groups (OR 1.11) and less
often eat fruits and vegetables (OR 1.09).
Conclusion: Birth order is significantly related to mortality and nutritional status in large African families, with later
born children having poorer outcomes. These data suggest that increased attention to family planning initiatives and
targeted nutritional interventions provide clear strategies for meeting the child mortality and nutritional status
Sustainable Development Goals in African countries.
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Background
In 2000 the United Nations developed eight Millennium
Development Goals (MDGs) [1]. One of these—Millen-
nium Development Goal (MDG) 4—committed to redu-
cing worldwide mortality among children under 5 years of
age by 2/3 by 2015. While the goal was not met, under-5
mortality fell from 90.6 per thousand live births in 2000 to
42.5 per thousand in 2015 [2]. Moving forward, 186 na-
tions adopted 17 Sustainable Development Goals (SDGs),
one of which, SDG 3.2, aims to reduce under-5 mortality
to 25 deaths per thousand in all countries by 2030 [3].
Achieving this goal is daunting for many African
countries, where child mortality remains high. While
African countries have adopted many new initiatives
to reduce child mortality [4], an analysis by UNICEF
concludes that dozens of African countries will fall
short of reaching the child mortality goal on their
current path [2].
Countries also adopted SDG 3.7, a commitment to in-
creased access to family planning. In Africa, many
women do not practice modern contraception and fertil-
ity remains high [5]. In larger families, particularly poor
families, as children are added to the household there is
increased competition among the children for limited re-
sources such as food, education, and health services. It is
possible that meeting SDG 3.7 will have the secondary
benefit of improvements in child mortality.
Research around the world and over time has shown
an association between birth order and mortality [6–9],
with later born children (of higher “birth order”) gener-
ally having higher mortality. A study of child mortality
and nutrition in 45 countries (27 in Africa) in 2006–
2012 shows an adjusted relative risk of mortality of 1.07
for birth orders 3–4 (compared to birth orders 1–2);
1.15 for birth orders 5–6; and 1.28 for birth orders 7+
[10]. Smaller studies in Cambodia and Nigeria also show
a disadvantage in child mortality for fourth and higher
order births [11, 12]. Finally, a recent study shows birth
order effects to be concentrated among high fertility
mothers, those with more than four children [13].
Higher birth order children also have been shown to
have less education [14] and fewer health services [15]. In
terms of access to food, the multi-country study of birth
order in 45 countries cited earlier reports a significant as-
sociation between birth order and “stunting” (height for
age), but not in “low weight” (weight for age) [10]. Studies
in Cambodia [11] and the Philippines [16] also show an
association between birth order and stunting.
In summary, studies conducted over several decades
suggest that being a later born child in a large family
may put a child at risk for poor health. This current
study contributes substantially to the literature on this
important topic by focusing specifically on Africa where
both child mortality and lifetime fertility remain high.
Methods
Data
The paper uses data from the nationally representative
Demographic and Health Surveys (DHS) [17] conducted
in over 90 developing countries around the world, with
sponsorship of the countries themselves and inter-
national donors such as USAID. The surveys have been
conducted with varying periodicity since 1985. There is
a common questionnaire which countries can augment,
leading to substantial cross-country comparability. There
have been 6 “phases” of the survey, with each subse-
quent phase adding new questions and making slight
modifications to existing ones.
Our study uses data from 18 African countries (see
Table 1). These countries are chosen because they all
had at least one DHS survey in each of three decades
(1985–1994; 1995–2004; 2005–2014). Data are included
from one survey in each decade per country; when the
country conducted more than one we chose the survey
nearest the mid-point of the decade.
Study countries
Study countries are broadly representative of Africa re-
gionally, with 8 countries in the west, 5 in the south, 4 in
the east, and one in the north (Egypt). The countries con-
tain about half the population of Africa, with two study
countries (Egypt and Nigeria) having about a fourth.
Population sizes (2015) range from 2.3 million (Namibia)
to 184.3 million (Nigeria) [18]. Their GDPs (PPP$,2013)
range from $748 (Malawi) to $10,160 (Egypt) [19]. Aver-
age healthy life expectancy (2013) varies substantially from
a high of 60.4 years for males/62.9 for females (Egypt), to
a low of 46.6 and 49.3 respectively (Zimbabwe) [20]. Much
of this mortality variation is due to the varied rate of HIV
prevalence in African countries, from a low of less than .1 %
(Egypt, 2014) to a high of 16.7 % (Zimbabwe); the higher
prevalence is concentrated in southern and eastern African
countries [21]. Lifetime fertility also varies substantially by
country, from 3.5 in Egypt to 7.6 in Niger, as does the per-
centage of married women practicing modern contraception
[5]. Similarly, and most pertinent to this study, under-5 mor-
tality varies across the continent and among study countries,
ranging from 24 per 1000 live births (Egypt, 2015) to 115
(Mali). Under-5 mortality declined in all 18 countries be-
tween 2000 and 2015, but the annual rate of decline was
very different across countries, ranging from .3 %
(Zimbabwe) to 5.2 % (Rwanda) [22]. Thus the study coun-
tries reflect the incredible diversity of the African continent.
Study questions
The study seeks to answer two primary questions:
1. Does child mortality in Africa vary by birth order
and by how much?
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Table 1 Number of children (Alive and Dead) for mothers interviewed in demographic and health surveys by country and survey year
Decade 1 Decade 2 Decade 3 All Decades
Country Survey Year Number of Children Survey Year Number of Children Survey Year Number of Children Number of Children
Burkina Faso 1993 20,655 2003 41,520 2010 56,178 118,353
Cameroon 1991 11,612 2004 29,455 2011 42,312 83,379
Cote D’Ivoire 1994 24,870 1998 7575 2011 28,211 60,656
Egypt 1988 35,519 2000 54,780 2008 48,619 138,918
Ghana 1988 14,216 1998 13,188 2008 11,888 39,292
Kenya 1988 25,173 1999 23,351 2008 22,534 71,058
Madagascar 1992 18,931 2000 20,799 2010 48,464 88,194
Malawi 1992 16,330 2000 40,421 2010 72,301 129,052
Mali 1987 12,251 2001 48,407 2012-13 33,803 94,461
Namibia 1992 13,372 2000 14,946 2013 18,090 46,408
Niger 1992 23,841 1998 28,888 2012 44,183 96,912
Nigeria 1990 28,123 2003 23,038 2013 119,386 170,547
Rwanda 1992 19,440 2000 27,602 2010 32,639 79,681
Senegal 1986 14,389 1997 27,448 2010-11 42,510 84,347
Tanzania 1991-92 29,143 2004-05 30,557 2010 29,777 89,477
Uganda 1988-89 16,074 2000-01 23,410 2011 28,609 68,093
Zambia 1992 22,122 2001-02 23,805 2013 49,207 95,134
Zimbabwe 1988 12,404 1999 14,184 2010-11 19,279 45,867
All Countries 358,465 493,374 747,990 1,599,829
Includes all children, before analytic sample restrictions
Fig. 1 Analytic Sample Definition
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2. Does child nutritional status in Africa vary by birth
order and by how much?
Data have been added to the DHS through the years,
so that nutritional status can be addressed only in the
third decade round of surveys.
Study groups
Figure 1 shows the analysis sample selection. Since the
focus of the study is on potential competition within a
household for food and other resources, we study children
of older mothers who have had four or more births. Fur-
ther we exclude infants, because their mortality is strongly
associated with the mother’s health and the circumstances
surrounding her prenatal, delivery, and post-partum health
services. Their nutrition is primarily associated with breast-
feeding, so they are not in competition with other children
in the family for food until their second year. As shown in
the figure, the sample size is much larger for the mortality
analysis—since it spans three decades of surveys and all
children of included mothers, in contrast to the nutrition
analysis, which includes only the youngest children alive at
the time of the third decade surveys.
Mortality analysis
The DHS interviews a nationally represented sample of
mothers and asks about all the children they have had, in-
cluding those who survived and those who died. Our mor-
tality study group consists of all children of those mothers
interviewed in the included years. Thus it includes children
who were born (and died) across a wide range of dates
(not, for example, reflecting child mortality in that country
at the time of the interview). The study group is restricted
to mothers who were between the ages of 18 and 34 at the
time of the birth of their child (eliminating very early and
very late births, in order to have greater comparability in
the family circumstance and mother’s health during the
child’s early years), as well as those who were between the
ages of 30 and 44 at the time of the interview (to have the
opportunity for all or most of her children, including the
later births, to be included in the analysis). We examine
mortality for two groups: children ages 1–4 and children
ages 5–14 (not a group that is frequently studied). Because
of age restrictions the rates presented do not track closely
with published under 5 mortality rates. We benchmarked
our data against those rates, using standard methods for
calculating under-5 mortality rates from the DHS, and the
data track very closely.
Table 2 Trends in child mortality for children in large families by age group and decade in 18 African Countries
Deaths per 1000 Children Ages 1–4 Deaths per 1000 Children Ages 5–14
Before 1980 1980–1989 1990–1999 2000–2014 Before 1980 1980–1989 1990–1999 2000–2014
Burkina Faso 154 119 109 86 33 35 36 31
Cameroon 99 63 67 68 24 28 32 30
Cote D’Ivoire 85 61 61 46 22 24 32 26
Egypt 98 41 19 7 21 8 8 5
Ghana 88 72 52 33 40 24 20 19
Kenya 49 33 37 29 18 11 16 13
Madagascar 79 84 57 36 40 49 33 21
Malawi 162 130 99 67 43 40 32 20
Mali 206 160 117 54 62 36 37 25
Namibia 36 29 23 24 10 14 14 16
Niger 215 215 195 106 77 56 55 47
Nigeria 134 116 117 84 50 29 40 24
Rwanda 158 84 100 55 72 49 86 33
Senegal 180 103 72 44 54 31 37 23
Tanzania 87 67 64 37 18 23 21 15
Uganda 86 84 71 51 52 28 25 22
Zambia 87 79 76 43 28 22 28 16
Zimbabwe 49 24 28 25 24 9 14 16
Includes all children (regardless of year born) of mothers alive in survey year; restricted to children whose mothers were 18–34 at child’s birth and were 30–44
years old at the time of interview, and to children in families with 4+ children ever born to surveyed mothers. Methodology for mortality rate calculations
adopted from Demographic and Health Surveys [28]
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The analysis of mortality uses a Cox proportional haz-
ards model [23] to estimate the mortality risk associated
with birth order during ages 1–4 and 5–14, for all chil-
dren of mothers in the study. The model controls for
country, child gender, child date of birth, mother’s age at
birth, mother’s education, mother’s marital status, and
mother’s intended family size. It also includes various
household characteristics at the time of the survey, such
as rurality, household size, and housing quality and sani-
tation. We enter birth order as a continuous variable; an
alternative estimation using a quadratic specification
yielded substantially similar results.
Nutrition analysis
The nutrition analysis uses a single round of data from
the third decade surveys due to lack of data availability
on nutrition measures in earlier DHS rounds. The analy-
sis—limited to mothers ages 30–34 at the time of the
child’s birth who have had at least 4 children—uses lo-
gistic regression to predict whether a child is stunted,
low weight, consumed fewer than four food groups in
the past 24 h, or consumed any fruits and vegetables in
that time period.
The first two nutrition outcomes are measures of a
child’s size, in particular whether the child was stunted or
low weight. Children ages 12 to 59 months are included in
the analysis. The child’s size is compared to norms of the
WHO, and stunted or low weight is 2 standard deviations
below the norm [24]. Unfortunately, there is a high rate of
missing data (see Fig. 1).
The other two nutrition measures are for children
ages 12–23 months who are the youngest children in
the household (a survey restriction). Among these
children, the mother is asked what foods and liquids
(other than breast milk) the child was fed in the past
24 h. These are then categorized into six food groups,
based on categories defined by the WHO: grains,
roots and tubers; dairy products; legumes and nuts; flesh
foods and eggs; vitamin A rich foods and vegetables; and
other fruits and vegetables [25].
The control variables are the same as for the mortality
analysis, with the addition of whether the mother breast-
fed the child in the past day. Instead of housing and
water quality, the indicators of poverty used in the mor-
tality analysis, we use the DHS “wealth index” which is a
composite index of household poverty added in the last
two survey rounds [26].
Fig. 2 Child Mortality by Age and Birth Order, Children in Large Families in 18 African Countries. Footnote: Includes all children (regardless of year
born) of mothers alive in survey year; restricted to children whose mothers were 18–34 at child’s birth and were 30–44 years old at the time of
interview, and to children in families with 4+ children ever born to surveyed mothers. Methodology adopted from Demographic Health Survey
mortality rate calculations [28]




Birth Order (continuous) 3.67 [3.65, 3.68]
Male Child Gender 0.51 [0.50, 0.51]
Child’s Birth Date (In years since 1900) 90.03 [89.88, 90.18]
Mother Characteristics:
Age at Child’s Birth (continuous years) 25.13 [25.11, 25.15]
No Formal Education 0.51 [0.51, 0.52]
Not Married 0.10 [0.09, 0.10]
Ideal Number of Children (continuous) 6.32 [6.27, 6.36]
Household Characteristics:
Household located in Rural Area 0.75 [0.74, 0.75]
Household Size 8.24 [8.17, 8.30]
Natural (Unmodified) Flooring 0.53 [0.52, 0.54]
No Flushable Toilet 0.83 [0.83, 0.84]
N 597,101
Note: Includes all children (regardless of year born) of mothers alive in survey year;
restricted to children whose mothers were 18–34 at child’s birth and were 30–44
years old at the time of interview, and to children in families with 4+ children ever
born to surveyed mothers. Excludes children in infancy or who died in infancy.
Maternal characteristics are at time of survey, except for age at child’s birth
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Results
Mortality analysis
Table 2 shows mortality per 1000 for children ages 1–4
and ages 5–14 by country and decade of the child’s
birth, for the mortality study population (see Fig. 1 for
restrictions).
Mortality declined over time in both age groups, but
at different rates per country, and not always monoton-
ically. For example, between the 1980s and 1990s sev-
eral countries experienced increased child mortality for
the older age group, and the average across all coun-
tries did not decline for ages 5–14. The countries with
Table 4 Cox proportional hazards model for child mortality by age group
Ages 1–4 Ages 5–14
Hazard ratio C.I. Hazard ratio C.I.
Birth order (Continuous) 1.13c [1.11, 1.15] 1.10c [1.07, 1.13]
Country:
Burkina Faso 1.78c [1.60, 1.98] 2.58c [2.05, 3.23]
Cameroon 1.34c [1.18, 1.51] 2.52c [1.98, 3.19]
Cote d’Ivoire 1.18a [1.02, 1.36] 2.32c [1.80, 2.99]
Egypt (reference) 1.00 - 1.00 -
Ghana 1.13 [0.99, 1.29] 1.95c [1.52, 2.51]
Kenya 0.59c [0.51, 0.68] 1.11 [0.85, 1.45]
Madagascar 1.22b [1.07, 1.38] 2.46c [1.94, 3.13]
Malawi 1.67c [1.50, 1.86] 2.12c [1.68, 2.68]
Mali 1.68c [1.49, 1.89] 2.55c [2.01, 3.24]
Namibia 0.54c [0.46, 0.63] 1.25 [0.95, 1.66]
Niger 2.50c [2.23, 2.80] 3.71c [2.95, 4.68]
Nigeria 2.08c [1.84, 2.34] 2.70c [2.15, 3.41]
Rwanda 1.54c [1.37, 1.73] 4.85c [3.83, 6.12]
Senegal 2.06c [1.84, 2.32] 3.19c [2.49, 4.08]
Tanzania 1.04 [0.92, 1.18] 1.44b [1.13, 1.85]
Uganda 1.12 [0.99, 1.26] 2.00c [1.58, 2.55]
Zambia 1.43c [1.28, 1.61] 1.89c [1.50, 2.39]
Zimbabwe 0.62c [0.53, 0.72] 1.23 [0.94, 1.61]
Child Characteristics
Child Date of Birth (years since 1900) 0.98c [0.98, 0.98] 0.98c [0.98, 0.98]
Child Gender (1 =male) 1.03 [0.99, 1.07] 1.08a [1.00, 1.17]
Maternal Characteristics:
Age at Child’s Birth (continuous) 0.95c [0.94, 0.95] 0.97c [0.96, 0.99]
No Formal Education 1.48c [1.41, 1.56] 1.29c [1.16, 1.43]
Not Married or Cohabiting 0.89b [0.83, 0.96] 1.02 [0.91, 1.15]
Ideal Number of Children (continuous) 0.99 [0.98, 1.00] 0.99 [0.98, 1.01]
Household Characteristics:
Number of Household Members (continuous) 0.95c [0.95, 0.96] 0.96b [0.94, 0.99]
Rural Resident 1.19c [1.12, 1.27] 1.23c [1.10, 1.37]
Natural (Unmodified) Flooring 1.39c [1.30, 1.48] 1.17b [1.05, 1.31]
No Flushable Toilet 1.59c [1.44, 1.75] 1.55c [1.28, 1.86]
Includes all children (regardless of year born) of mothers alive in survey year; restricted to children whose mothers were 18–34 at child’s birth and were 30–44
years old at the time of interview, and to children in families with 4+ children ever born to surveyed mothers. Maternal characteristics are at time of survey except
for age at child’s birth
aSignificant at .05 level
bSignificant at .01 level
cSignificant at .001 level
Howell et al. BMC Nutrition  (2016) 2:61 Page 6 of 12
increases include Nigeria, Rwanda (just following the
genocide), and Zimbabwe (where poverty and HIV in-
creased), reminders of how war and poverty contribute
to lower child survival. Other countries that saw an in-
crease in that period include several West African
countries (Burkina Faso, Cameroon, and Cote D’Ivoire),
suggesting this trend is not just a result of the HIV
epidemic.
There is no MDG or SDG concerning child survival for
school aged children, but it is evident from the figure that
mortality in African countries is substantial for ages 5 to
14. For example, in the most recent period (2000–2014)
in Ghana the mortality rate was 33 per 1000 among chil-
dren ages 1–4 in the study group, and 19 per 1000 for
children 5–14.
Figure 2 shows mortality rates by age group and birth
order. Mortality increases slowly for birth orders 1–6 for
younger children and 1–8 for older children. Mortality
then increases substantially for higher order children.
Table 3 shows means and confidence intervals for the
control variables in the regressions. Average birth order
is 3.7 across the entire study group. The children in the
study are primarily those of mothers living in large, poor
rural households.
Table 4 shows the Cox regression results for mortality
by age group. The resulting hazards ratio is 1.13 for chil-
dren ages 1–4 and 1.10 for children ages 5–14. This
means that there is an average 13 % increase in mortality
risk, on average, for each increase in birth order. For ex-
ample, a sixth child is 13 % more likely to die than the
fifth child. Most other factors in the model are signifi-
cantly related to mortality. The exceptions are gender
(for younger children) and the ideal number of children.
The direction of the effects and the significance are sub-
stantially similar for both age groups. (Countries are
compared to Egypt, which has the lowest mortality.)
Figure 3 shows the survival curves implied by the hazard
analysis from ages 1 to 4, by birth order, holding constant
other factors. Figure 4 depicts similar data for older chil-
dren. The figures highlight the clear relationship between
survival and birth order. For example, there is about an 8
percentage point difference between the probability of sur-
vival from age 1 to age 5 for birth order 1 and birth order
9 children, and about a 2 percentage point difference in
the survival probability from age 5 to age 14.
The data from the models can also be used to show
what share of deaths could have been avoided had all
children had the mortality experience of those of birth
orders 1–3. We estimate that 33.7 % of all deaths to
young children (ages 1–4) with birth order greater than
3 would not have occurred if they had the mortality
rates of children with birth order 3 or less. For older
children (ages 5–14), this excess share of deaths associ-
ated with higher birth orders is 27.0 %.
Nutrition analysis
DHS data can also be used to illustrate that the mortal-
ity disparity by birth order may be due in part to com-
petition for food within the family. Figure 5 shows the
level of stunting and low weight for children ages 12–
59 months, by birth order. Before controlling for other
factors there is a clear relationship between birth order
and poor nutrition among children ages 12–59. The
rates rise from 34.3 % stunted and 18.3 % low weight
for birth order 4 to 56.9 % and 39.5 % respectively for
birth orders 9 + .
Table 5 shows logistic regression results predicting the
odds of being stunted or low weight. As with mortality,
after controlling for other factors, as birth order rises
the odds are significantly higher that a child ages 12–59
months will be stunted or low weight. However, the
country effects are less often significant in the stunting
Fig. 3 Probability of Survival by Birth Order, Children Ages 1–4. Footnote: Includes all children (regardless of year born) of mothers alive in survey
year; restricted to children whose mothers were 18–34 at child’s birth and were 30–44 years old at the time of interview, and to children in
families with 4+ children ever born to surveyed mothers. Methodology adopted from Demographic Health Survey mortality rate calculations [28]
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model. Current breastfeeding is significantly related to
being low weight, but not to stunting.
There is also a relationship between diet quality and
birth order in study group children ages 12 to 23 months
(Fig. 6). Higher birth order children consumed fewer dif-
ferent food groups in the 24 h before the survey and less
often ate fruits and vegetables.
Table 6 shows logistic regression results for dietary
quality. There is a significant relationship to birth order
for both the odds of having eaten fewer than 4 food
groups and to have eaten no fruits and vegetables in the
past 24 h. Therefore, higher birth order children have
lower quality diets, using both measures, controlling for
many other factors.
Sensitivity analyses
Two sensitivity analyses provide additional insights into
these relationships. A quadratic (rather than linear) spe-
cification for birth order shows there is an even stronger
relationship between birth order and mortality at the
highest birth orders. To investigate the extent to which
our findings are driven by certain countries, we tested
the interaction between birth order and country. Results
show that–except for mortality for ages 1–4 where the
relationship is highly significant in all countries—there is
not always a statistically significant relationship between
mortality or nutritional status and birth order in every
country. This is likely due to variation in effects across
countries, as well as smaller sample sizes (see Table 7).
Fig. 5 Stunted or Low Weight by Birth Order, Children Ages 12–59 Months. Footnote: Restricted to children ages 12–59 months and a 4+ birth
order, whose mothers were 30–34 at child’s birth. Maternal characteristics are at time of survey except for age at child’s birth. Stunted is defined
as a height for age below minus two standard deviations from an established WHO reference mean; Low Weight is defined as a weight for age
below minus two standard deviations from an established WHO reference mean [24, 29]
Fig. 4 Probability of Survival by Birth Order, Children Ages 5–14. Footnote: Includes all children (regardless of year born) of mothers alive in
survey year; restricted to children whose mothers were 18–34 at child’s birth and were 30–44 years old at the time of interview, and to children
in families with 4+ children ever born to surveyed mothers. Methodology adopted from Demographic Health Survey mortality rate calculations [28]
Howell et al. BMC Nutrition  (2016) 2:61 Page 8 of 12
Discussion
Data from Africa spanning several decades show that,
on average and for larger families, birth order is strongly
related to mortality for the youngest children (ages 1–4)
and for older children (ages 5–14) after controlling for a
large number of factors including country; maternal age
at birth and education; desired family size; rural resi-
dence; and poverty. Higher birth order children also are
more often stunted and low weight, and receive less high
quality food when they are very young.
This birth order effect has not been studied specifically
for African countries and over such as long time period.
Table 5 Logistic regression model predicting stunting and low weight children ages 12–59 months
Stunted Low weight
Odds ratio 95 % C.I. Odds ratio 95 % C.I.
Birth Order (Continuous) 1.08c [1.04, 1.13] 1.06a [1.00, 1.11]
Country:
Burkina Faso 1.29 [0.98, 1.69] 5.06c [3.22, 7.95]
Cameroon 1.01 [0.71, 1.43] 2.86c [1.69, 4.83]
Cote d’Ivoire 0.81 [0.57, 1.17] 2.15b [1.22, 3.79]
Egypt (reference) 1.00 - 1.00 -
Ghana 0.76 [0.52, 1.12] 2.68c [1.51, 4.75]
Kenya 1.74b [1.22, 2.50] 6.09c [3.61, 10.29]
Madagascar 2.65c [1.88, 3.73] .
Malawi 2.14c [1.54, 2.97] 2.62c [1.49, 4.60]
Mali 1.25 [0.90, 1.75] 4.38c [2.67, 7.20]
Namibia 0.72 [0.44, 1.19] 3.33c [1.64, 6.75]
Niger 1.14 [0.83, 1.58] 6.26c [3.83, 10.23]
Nigeria 1.26 [0.98, 1.62] 6.64c [4.30, 10.26]
Rwanda 2.46c [1.83, 3.31] 3.35c [2.03, 5.52]
Senegal 0.84 [0.58, 1.20] 2.97c [1.75, 5.03]
Tanzania 2.13c [1.61, 2.82] 4.10c [2.52, 6.67]
Uganda 1.21 [0.83, 1.78] 2.82c [1.58, 5.03]
Zambia 1.49b [1.15, 1.94] 3.03c [1.91, 4.79]
Zimbabwe 1.34 [0.96, 1.87] 2.97c [1.69, 5.23]
Child Characteristics:
Male Child Gender 1.22c [1.09, 1.36] 1.14 [1.00, 1.31]
Child Currently Being Breastfed 0.97 [0.82, 1.16] 1.31a [1.05, 1.62]
Child’s Current Age (Months) 0.995 [0.99, 1.00] 0.9996 [0.99, 1.01]
Maternal Characteristics:
Age at Child’s Birth (continuous) 1.02 [0.98, 1.06] 1.04 [0.99, 1.09]
No Formal Education 1.18a [1.02, 1.36] 1.48c [1.23, 1.78]
Not Married or Cohabiting 0.93 [0.74, 1.18] 1.24 [0.86, 1.79]
Ideal Number of Children (continuous) 1.03b [1.01, 1.06] 1.05c [1.02, 1.08]
Household Characteristics:
Number of Household Members (continuous) 1.01 [0.99, 1.03] 1.02 [1.00, 1.04]
Rural Resident 1.27b [1.07, 1.50] 0.87 [0.71, 1.08]
Poor or Poorest (Wealth Index) 1.67c [1.47, 1.91] 1.65c [1.40, 1.95]
Restricted to children ages 12–59 months and a 4+ birth order, whose mothers were 30–34 at child’s birth. Maternal characteristics are at time of survey except
for age at child’s birth. Stunted is defined as a height for age below two standard deviations from an established WHO reference mean; Low Weight is defined as
a weight for age below two standard deviations from an established WHO reference mean. See http://www.who.int/childgrowth/en/ and http://www.unicef.org/
infobycountry/stats_popup2.html for more information
aSignificant at .05 level
bSignificant at .01 level
cSignificant at .001 level
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Nor has child mortality been studied for older (school-
aged children); this study highlights that mortality for this
older group is also high and increases with birth order.
Thus the effects of birth order are not restricted to the
earliest years (at least in some of the countries studied). In
addition, this study highlights the potential role of nutri-
tion differentials within the family during the early years
that likely contribute to the mortality differentials.
While the data show a relationship between birth order,
child mortality, and nutrition in Africa, there are several
caveats to the analysis. We have shown a correlation be-
tween birth order and mortality, suggesting causation.
However, there are many other potential determinants,
but for which we have no data. In addition, there are fac-
tors that are included that are related to both birth order
and to mortality or nutrition, such as poverty measures,
leading to biased results. (Other important variables, such
as total fertility and child spacing, are excluded from the
model for this reason.) In addition, findings presented
here represent an average across 18 countries; some coun-
tries such as Egypt and Nigeria are large. Country-specific
analysis yields different results for some measures in some
countries. The strongest and most consistent effects are
for mortality ages 1–4.
Conclusions
To the extent that we have successfully controlled for
confounding factors that also affect mortality and nutri-
tion, these data give a greater impetus to the Family
Planning 2020 movement [27], which is sponsored by a
large number of countries (including 16 of the study
countries), and other large donors. The movement’s goal
is to assure access to high quality family planning to all
women worldwide. More public education for families,
health providers, and policy makers on the health risks
for later born children in large families likely will pro-
vide greater incentives to encourage effective contracep-
tion use and to target nutrition interventions.
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Table 6 Logistic regression model predicting dietary diversity and consumption of fruits/vegetables for children 12–23 months
Lack of Dietary Diversity (Less than 4 Food Groups) No Fruits or Vegetables
Odds ratio 95 % C.I. Odds ratio 95 % C.I.
Birth Order (Continuous) 1.11a [1.02, 1.22] 1.09a [1.02, 1.17]
Country:
Burkina Faso 30.34c [14.29, 64.42] 2.53c [1.60, 3.99]
Cameroon 2.31b [1.35, 3.92] 0.52b [0.31, 0.85]
Cote d’Ivoire 9.25c [4.36, 19.62] 2.95c [1.64, 5.29]
Egypt (reference) 1.00 - 1.00 -
Ghana 1.11 [0.56, 2.20] 0.23c [0.10, 0.52]
Kenya 2.59a [1.24, 5.38] 0.29c [0.14, 0.61]
Madagascar 3.13c [1.74, 5.63] 0.31c [0.18, 0.55]
Malawi 3.32c [2.00, 5.51] 0.32c [0.20, 0.52]
Mali 3.49c [1.98, 6.16] 1.51 [0.91, 2.52]
Namibia 5.19c [2.55, 10.58] 1.63 [0.86, 3.09]
Niger 7.07c [3.80, 13.16] 1.54 [0.90, 2.61]
Nigeria 4.73c [2.90, 7.70] 1.17 [0.76, 1.79]
Rwanda 2.67c [1.60, 4.45] 0.37c [0.22, 0.61]
Senegal 4.74c [2.56, 8.75] 1.26 [0.76, 2.09]
Tanzania 9.70c [4.67, 20.16] 0.39b [0.22, 0.68]
Uganda 11.07c [5.26, 23.31] 0.29c [0.17, 0.50]
Zambia 5.08c [2.95, 8.78] 0.37c [0.23, 0.61]
Zimbabwe 5.16c [2.33, 11.41] 0.63 [0.33, 1.19]
Child Characteristics:
Male Child Gender 1.07 [0.86, 1.33] 1.09 [0.90, 1.31]
Child Currently Being Breastfed 1.69c [1.29, 2.21] 1.16 [0.91, 1.47]
Child’s Current Age (continuous) 1.02 [0.98, 1.05] 0.97a [0.94, 1.00]
Maternal Characteristics:
Age at Child’s Birth (continuous) 0.96 [0.88, 1.04] 0.97 [0.91, 1.03]
No Formal Education 1.23 [0.91, 1.67] 1.17 [0.93, 1.47]
Not Married or Cohabiting 0.91 [0.46, 1.79] 1.38 [0.86, 2.21]
Ideal Number of Children (continuous) 0.99 [0.94, 1.04] 0.99 [0.95, 1.03]
Household Characteristics:
Number of Household Members (continuous) 0.96b [0.93, 0.99] 0.97b [0.94, 0.99]
Rural Resident 1.25 [0.92, 1.69] 1.06 [0.82, 1.38]
Poor or Poorest (Wealth Index) 1.73c [1.32, 2.26] 1.07 [0.86, 1.33]
Includes youngest child of mothers alive in survey year with a child ages 12–23 months; restricted to children in families with 4+ children ever born to surveyed
mothers and whose mothers were 30–34 years old at child’s birth. Maternal characteristics are at time of survey except for age at child’s birth. Dietary Diversity is
defined as consuming food from fewer than 4 categories in the past 24 h; Consumption of Fruits and Vegetables is defined as not consuming fruits or vegetables
in the past 24 h. Both indicators are reported by mother for her youngest child
aSignificant at .05 level
bSignificant at .01 level
cSignificant at .001 level
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Table 7 Statistically significant relationships between birth order and outcomes by country
Outcome Number of Countries with Significant
Relationship between Birth Order and Outcome




All 18 countries P < .001 for all countries
Mortality,
Ages 5–14
8 (Cameroon, Cote d’Ivoire, Kenya, Madagascar, Mali, Niger, Nigeria, Senegal) .001–.050
Stunting 2 (Nigeria, Uganda) .002–.044
Low Weight 2 (Cameroon, Nigeria) .028–.030
Dietary Diversity 4 (Burkina Faso, Kenya, Madagascar, Nigeria) .018–.045
No Fruits or Vegetables Consumed 3 (Ghana, Madagascar, Zimbabwe) .020–.037
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